With the incoherent scatter radar at Chatanika, Alaska, a wide variety of measurements can be made related to the ionosphere, magnetosphere, and neutral atmosphere. A significant parameter is the amount of energy transferred from the magnetosphere into the ionosphere and neutral atmosphere during periods of auroral activity. In this report we examine a procedure whereby the incident energy flux of auroral electrons is ascertained from radar measurements. As part of the process we compare radar-determined fluxes with those ascertained from simultaneous photometric observations at 4278 •. The fluxes obtained by both techniques had similar magnitudes and time variations. If we assume that the largest uncertainty in the radar/photometer comparison is the effective recombination coefficient, then that coefficient can also be deduced. We find a value 3 X 10 -? cm3/s at about 105 km, which is in good agreement with other recent determinations during active auroral conditions. We then combine this technique with one to ascertain the Joule heating to determine the energy input from the magnetosphere to the ionosphere in a region localized above the radar on March 22, 1973, in the midnight sector. The energy input is continuous at a significant level, i.e., greater than the 3 ergs/cm • s that could be delivered by the sun, were it overhead. Moreover, at times, each of these inputs became as great as 30 ergs/cm • s.
INTRODUCTION
In the past, measurements of particle energy input during auroral activity have been limited to brief periods when data were obtained from rockets or satellites or to periods of darkness and clear skies when data were obtained photometrically. Furthermore, such measurements were usually unaccompanied by extensive diagnostics of the state of the magnetosphere, ionosphere, and neutral atmosphere. In this report we combine incoherent scatter radar measurements from Chatanika, Alaska [Leadabrand et al., 1972] , with 4278-A photometer measurements [Sears, 1973] to examine a procedure whereby the energy input from energetic electrons can be ascertained by the radar alone. The ability to determine this energy input as well as that from Joule heating [Brekke et al., 1974] , when they are combined with the extensive magnetosphere and ionospheric diagnostics available from the radar [Wickwar, 1975] for extended time periods, should lead to significant data that can be applied to a wide range of problems. Examples of such problems are auroral energetics, magnetospheric particle populations, thermal structure of the ionosphere, optical emissions and compositions, thermospheric winds, and perhaps the magnitude of the solar EUV input. In working out the steps in the radar procedure we examine the effects of electron-to-ion temperature ratio Tr, Debye length, effective recombination coefficient aeff, and altitude limitations. If the greatest uncertainty in the electron energy fluxes determined simultaneously from the radar and photometer measurements is ascribed to aeff, then we can determine that coefficient by a least squares normalization of the two fluxes.
In what follows we review, for comparison purposes, how the auroral electron energy input is ascertained from photometric observations. We then present the steps for two radar procedures. The photometric and radar procedures are Copyright ¸ 1975 by the American Geophysical Union. applied to data taken simultaneously on three nights. Finally, for March 22, 1973, the energy input to the ionosphere near Chatanika during the midnight sector is determined for both auroral electrons and Joule heating. In order to obtain the emitted band intensity the observed intensities are corrected by a factor of 1.7 for atmospheric extinction [Valley, 1965] Whereas the photometric procedure is based upon determination of the N•. + (1 NG) intensity and its conversion into the column-integrated ion production rate, the radar procedures are based on determination of the electron density profile and its conversion into the ion production rate profile. The latter profile may then be integrated along the line of sight and treated identically to the photometric result, or the 35-eV loss per ionization may be applied to the ionization rate profile to obtain the profile of the rate of energy deposition.
The radar system is used to measure the total power backscattered from the electrons in the ionosphere. From the received power we determine a raw electron density profile [Baron et al., 1970] , which has to be corrected for Tr and Debye length effects [Baron et al., 1970; Wickwar, 1974 By maintaining the assumption that T• is unity we are able to approximate the electron temperature by a simple model of the neutral temperature. We are thereby able to include a correction for Debye length effects. At the peak of the auroral E layer, which is the most important region for the total energy flux determinations, this correction is small and noncritical. It is 10% for a small auroral E layer with a peak density of 105 el/cm 3 and decreases in a manner almost inversely proportional to increases in the electron density. However, in regions removed from the layer peak, which would be of interest for profiles of energy input, this correction assumes greater importance because it can become as large as 200 or 300%. If the temperature ratios are eventually found to be greater than unity, then the magnitude of this correction would increase almost in proportion to the increase of the electron temperature above the model.
The ion production rate profile is obtained from the electron density profile by using the continuity equation
where q is the ion production rate in ions/cm 3 s, Otef f is the effective recombination coefficient in cma/s, Ne is the electron density in el/cm a, and h is the altitude in km. We neglect the loses 35 eV for the creation of each electron pair. Hence •(h)'is directly dependent on the assumptions used to derive q(h) and is likely to be subject to considerable uncertainty at the end points, particularly at the upper end. However, the integrated rate of energy input, or energy flux, is largely independent of these uncertainties because most of the contribution comes from near the peak of the ionization profile, which is usually between 90 and 130 km. Furthermore, most of the contribution to the integral comes from the immediate vicinity of the peak because of the Ne • dependence of q and • and the 'peakedness' of an auroral E layer. In practice, on the days studied we found no contribution to the integral below 85 km, and we found that the contributions asymptoted toward zero as the upper boundary was raised from 140 to 160 and then to 180 km.
We shall call the above procedure for finding the energy flux the 'whole spectrum technique' because primary and secondary auroral electrons from a wide range of energies are involved. A second procedure, which we shall call the 'monoenergetic technique,' involves comparison of the maximum ionization rate and its altitude to the theoretical ionization rate curves for monoenergetic electrons of Rees [1963] or Banks et al. [1974] . The comparison enables us to find the energy flux of monoenergetic electrons that would create a production rate equal to the maximum observed. The result is a lower bound because it leaves out all the lower-energy electrons that in reality also contribute to the ionization. In making the comparisons it was assumed that the greatest uncertainty was in aerr. Consequently, it was treated as a parameter to be refined in optimizing the radar/photometer comparisons. Figure 3 [Baron, 1972 [Baron, , 1974 and with a rocket [Ulwick and Baron, 1973] are given in curves C and D. Curves parallel to 1, 2, and 3 were used for full sets of calculations, and comparisons similar to the one in Figure 2 were produced. When the comparisons were optimized, curves 1, 2, and 3 were obtained. However, for the data in our sample the three fits are equally good. The relative histogram of peak altitudes for the coaligned measurements on March 22 and April 1 and 2, 1973, indicates that the indistinguishability of the curves is largely due to most of the data coming from a very limited altitude range, 100-110 km. Hence it is not surprising that the three curves nearly intersect at 105 km, at a value of 3 X 10 -7 cm3/s. However, from the description of the radar procedures we recall that Ne(h) could be systematically underestimated. If that is the case, then the derived value of aerr would be smaller.
Because of what appears to be a more reasonable altitude dependence, curve 2 was used for the radar calculations in Figures 1, 2, These data have been examined, and such increases have been seen to occur in both the electron and the ion temperatures at altitudes above 170 km [Baron and Chang, 1974; Wickwar, 1975] .
CONCLUSIONS
In conclusion, there are four points we would like to make. First, we have combined radar and photometric observations to examine two related procedures to derive the energy input from auroral electrons by using incoherent scatter radar. The techniques are independent of seeing conditions and in principle can be extended to daytime observations. Second, we have shown that the energy inputs to the ionosphere from the magnetosphere due to Joule heating and energetic electrons can be obtained simultaneously from incoherent scatter radar measurements. Third, for extended periods of time around the midnight sector there is considerable energy input, equal to or greater than the solar energy input that would be deposited in the same part of the atmosphere. Fourth, we found a value of aerr of 3 X 10 -7 cma/s at about 105 km, which is consistent with other recent measurements. In principle, given sufficient data from a range of altitudes, we would find a profile of aerr.
